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Assumption:

The cause of death for recovered fatalities is

from the same distribution as those which are lost.

Thus, given X out of 17 deaths are caused by
the canopy (for lost category) the probability of
observing 0 out of 41 (recovered category) which
were caused by the canopy is:

(1 - X/17) 4 1

Let p = X/17

(1 - p)41 is displayed below.

e.g. (1 - 1/17)41 = .083

(1 - 2/17)41 = •OOS9

(1 - 16/17)41 
= 0.35 x 10-51

(I - 17/17)41 =0
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"01 DEPARTMENT OF THE NAVY
NAV " IAFTY CENTER

NAV.,L AIR STATION
NO RFO LK. VIRG IN IA a 1i IN "gpo- Ma rc% o;

122:gc
3750

.... Set 4223
A September 1981

Fran: Ca nder, Naval Safety Center

TO: Distribution

Subj: Autouated Airborne Escape Systems (AAES) Symposium

Encl: (1) Agenda for subject symposium

1. At the request of the Chief of Naval Operations and with the cocxeration
and support of Comader, Naval Air Systems Cmard, Caomander, Naval Safety
Center, will co-host a boo-day symposium to review selected topics associated
with Automated Airborne Escape Systems (AAES).

2. The symposium will be held at the Naval Air Station, Norfolk, Virginia, on
6, 7 and 8 October 1981. The symposium's format will consist of informative
presentations, 30 - 40 minutes in length, followed k open question-and-answer
periods. Representatives of the Naval Air Systems Ccmmwd (Aircrew Systems
Division), Naval Weapons Engineering Support Activity (Systems Analysis), aid
the Naval Safety Center (Aviation Directorate) will present results of
selected studies conducted for the purpose of evaluating or monitoring AhES
usage, performance and/or maintenance trends. Source data has bean derived
fran historical mishap data files maintained by the Naval Safety Center.

3. The identification, assessment and effective resolution of problem areas
related to the effective use, maintainability aid cperation of AAES has been
and will continue to be a major objective of the Navy. Systematic analysis of
long-term mishap data is one appraach to identifying reliability and maintain-
ability degradation trends, as well as potential system deficiencies. The

"-* utility of such analyses in escape system design, acquisition and modification
*-'? processes is considered to have significant value to both industry and DCO

organizations havirg a direct interest in AAES and their subsystem.

NJ 4. The prcposed agenda, enclosure (1), is provided for your interest and
review. If your ocganization desires representation at the AAES seppsiuLm,
please prouide names, grade/rate (as apprcpriate), social security numbers,
job title, and security clearance to this Command no later than 15 September
1981. Additional information on approved agenda, time schedule, conference
location and travel directions will be forwarded. Due to space limitations,
each ozganization/coamand will be limited to no more than three
representatives.
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5. Naval Safety Center points of contact are: CM V. Voge (Code 14, Autovon
690-7341) and LAM R. Moe (Code 122, Autaolon 690-3494). CrthIAVAIRSYSCr4 4/
NAVMESA points of contact are: Mr. F. Gui1IA~r. C. Stakes (Autovon 288-3621

or Cczmercial 202 433-3621).

T. C. SV.W

CNO (2)
CHN'MAT
ComAVAIRSYSCOM (5)
NAVAIRDVEN (3)
NAWPNEN~ (3)
B?.ED (3)
NAVPCL

OR (3)
NAVAIRTESTCEN
NA\RDSA (4)

NhMRDISPAMDIT
NAVBIODYNLAB
NAVAIRJAORFAC ALAEA CA
NAVAIR54RKFAC CHERR Pr N1Z
NAVAIRWRKFAC JACKSONVILLtE FL
NAVAIRB3%1RKFAC NC1POUC VA
NAVAIREKXJRKFAC NC~tH ISLND CA
NAVAIREiOFAC PENSACOLA FL
CX)MNVAIRLANT
COKNAVAIRPAC
CAVRES

* ONATRA

* 03 FMFPAC
C~TEVEOR
NanW AFB (4)

IGiT PATERSN AFB (3)
BRDKS AFB
ANID AFB
KELL AFB
LEAABAR Fr RJCKER,
LSAAV3M4 ST LIUIS
NASA LANGLEY
NASA HCUS~TON
NASA CAPE KENNEDY
GRUMMAN BEHPAGE NY
BOEING VEaOL
LTV DAILLAS TX(
mCDNNELL DOUJGLAS CO~RP ST LOJIS
MDNNLL DOGLAS CORP LN BEACH
FAIRCHILD REPUBLIC 00
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DISnIBLurICN~: WON'T

LOKHE INENACA

MARTIN-BAKER LTD, UKC (2)
NCR1HRP ODRP

N TELEYNE-RYAN
STENCEL AERD-ENGINEERIN ORP
PACIFIC SCIENTFIC a)
TALLEY Inc.ETRiEs
BICILTECHNOfL4Y INC
HAENOID SYSTEMS

-. EAST AND WEST INX)STRIES, INC
EXPL0IVE EHOX
SPACE CDNNCE SYSTEMS
PESN SYSTEMS I?1nE3RATIN
ADVANCED ULISTICS MANAGEMENT Itc
III. RON Hus2m, uNiv. OFaCIciNkTi
DR. AT~ RLEI KING, WAYNE STRTE UNIV.
UNIV. OF 3XLTHR CA
Np,%I'RAn*=IPCEN
UNIVERSAL PROPUSIN C10
LML LA14cG74AR, SJEDISH EMBASSY
INSTI=~E OF AVIATrICZ4 MEDICINE, RN
MINIS'IM OF I:EFENEE, tIC
NAVPR BVW1~AE NY

- NAVPTO BU1RBANK( CA
NAVPF40 DALLAS TX

* NAVPIO LN BEACH CA
NAVPr0 aWHiBS CHI
HMIKER SIDDELEY, UKC
AFPR ST LWJIS MOr
AFPFO SEA~wlLE WA
AFPRO rT WRFliH VC
APR FAFMINjD~LE, NY
GENEALhiNA4ICS

* APPLIED COBLTIC4 TCNOOY
MANTEXH fITPA'ICNL CORP
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AGENDA DAY 1

0800-0850 Registration

0900-0915 Opening Remaks - Welcoie

RADM T. C. Steele

S-0915-0945 Introduction of Host Reps

Area Orientation

. 0945-1000 Break

1000-1050 AAES Data System Program Introduction

1100-1150 Review of AAES Use and Non-use

1200-1330 Lunch Break

1330-1420 thrcugh vs Jettison Cancpy Injuries

1430-1520 Helmet Retention/VI s Factots

AGND DAY 2

0900-0950 Flail/VTmblirg Factors

1000-1150 In-Service System Reliability

1200-1330 Lunch Break

1330-1420 Overwater Survivability

1430-1520 Aircrew Size/Anthrcpcmetry

1530-1620 Expected Impact of AAES Data System Usage

AGENDA DAY 3

To be used as necessary based on progress
during days 1 and 2

Enclosure (1)

-5-
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1. Introduction to AAES Data System Program NAVAIRA4AVWESA

Objectives

Interface NAVSAFECENI/NVAIR

Present Status - Future Plans

Cons traints

2. Review of historical use and non-use of AAES NAVSAFECD/NAVAIR

Results: Survivability

Trends in Usage Rates

Non-survived Ejection Cause Factors

Usage Conditions

AAES non-use trends

Success Criteria

3. Through-canqpy vs Jettisone-canpy Injuries NAVAiWZVSAFEcEN

Vertebral

Upper-lower limbs

Head/neck

4. Helmet Retention/Loss Factors NAVAIR/VSAMECEN

Vertebral Injury

Varying levels of consciousness

Head/Neck Injury

5. Ejection Flail-tumblirg Factors N'MES&4AVAIR

As a function of airspeed

-- As a function of system design

As a function of Escape initiation method

[.

.
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6. In-service reliability NAVWE.SAVAIR

Ejections attempted but not acconplished

Other failure/malfunction modes

7. Ejection Survivability in Lcw Altitude Overwater Envircm nt NAVSAFECEN/
. tNVAIR

. Land vs Water Survival

. Overwater Fatalities

•* . Parachute/RSSK Divestment and LPA Inflation Variables

. 8. Aircrew Restraint Factors NAVSAFECEN/ VAIR

. Negative "G" Environment

. Research on "G" Restraint Systems

9. Expected Inpact of AAES Data System Program NAVAIR/NAVWESA

- Short Range

*"Long Range

.-

*"-
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L PR~ -;ED ATTENDE.ES

U. S. NAVY; Representation from:

; OPNAV - 05F, 506N
CRNVMAT
COMNAVAIRSYSCtM
NAVAI RDEVCEN
NAVWPNCEN CHINA LAKE
BUMED

-. CNET

NAVAIRTESTCEN
NAVORDSTA
NAMRL PCA

• I" NAMI PNCLA

NAVAL BIODYNAMICS LAB
NAVAIRE'ORKFACS (6)
TYCXM - Safety; Flight Surgeons; Physiologists

S- CPTEVFOR

USAF; Representation from:

NCRION' AFB
WRIGHT PATTERSON AFB
BFOCS AFB
AN REWS AFB
KELJEY AFB

ARMY; Repesentation fram:

FORT PUCKER
ST 1.3IS

NASA

LANGLEY AFB
MANN SPACE CENTER

CCNTRACTORS

PRIME AIRFRAME
Gunmmn; Boeing; Vcught; Douglas; Mconnell; Republic; Fairchild-
Miller; Lckhead; Convair; Martin-Baker LTD, U.K.

OTHERS
Teldyne Ryan; Stencel Aero Engineerir Corp.; Pacific Scientific;
Talley; Biotechnology; Humanoid Systems; Dayton T. Brown; East-West
Industries; Explcsive Technology; Space Ordnance System; Person-
System Integration; Advanced Loistics Managemnt Inc.1 University of
Cincinati; Wayne State University; University of Southern California

-8-
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2 FOREIGN GVERIENTS (havirg similar AAES)

CpAAD
C EAT BRITAIN
FEDERAL REPUBLIC OF GER4ANY

.
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DEPARTMENT OF THE NAVY
AIRTAS1UWORK UNIT ASSIGNMENT NAVAL AIR SYSTEMS COMMAND Sao NAVAIR 3900.8 or supersedur,

WASHNMGTON. DC 20361 for applca b)e deta').. on 'oft-~ NAVA, &RM 39_1 J 2-7) plating this for..

0LII 5 OVCOVIAGOI'OO

% . UNCLASSIFIED

*0T
5i re ctor, Nava Weapon E980nPAGin3

Naval Weapns Engineering A512-512C/184-411512-000-05 5
Supporti Activity OR .* 05.

Systems Analysis Dept. (ESA-31)
Washington Navy Yard, Wash.D.C. 20374,,,o....

........ ., ... ,. ooNORMAL
Mr. Frederick C. Guill AIR-531C N......O O ,AT

AV 222-7486 UNCLASSIFIED

I The X=ICOEW RK L-IT kSIGNMENT desnibed below is assigned in accordanee .th the Indicaled effor level and schedule. Fund-

.ng authon uaion r fo XNXX3@ -ill be provided in epa te cor.opondence. If thio *JMXNMW<4PRK UNIT ASSIGNMENT cannot be ac or-

puhed a amigid. advise the N4k hIR HQ cogniant code. No work beyond the planning phase ill be accomplished unless the addressee

ham fund, in hand or writtn assurance therro .

2. Cancellation, References and/or Enclosures.

Cancellation: Work Unit A5312B-04 dated 13 Dec 1979 and subsequent amendments
under AIRTASK A512-512C/184/0512-000-055 amend. 1.

Encl: (1) NAVAIR Consolidated Priority List - Aircraft Systems Fleet Support
Projects 10 October 1980

(2) Schedule

3. Technical Instructions.

a. Title. IDENTIFICATION AND REVIEW OF AIRCREW AUTOMATED ESCAPE SYSTEM (AAES),
IN-SERVICE RELIABILITY AND MAINTAINABILITY PROBLEMS

b. Purpose. To establish a systematic investigation of in-service AAES data,
such as that contained in the 3-M System, Unsatisfactory Reports, Medical Officer
Reports of Aircraft Accidents, and Naval Air Rework Facility Data Systems, to identify
for potential corrective action the many daily low-grade problems which contribute to
the general lowering of AAES in-service reliability and cause the general worsening of
AAES in-service maintainability.

c. Background. At present there exist special arrangements for investiqating
and correcting spectacular AAES in-service problems, particularly those w' ., cause
fatalities. This effort is intended for reviewing the pervasive non-spectacular
low-grade AAES in-service reliability and/or a general degradation of AAES
in-service maintainability. These problems, vastly overshadowed by the spectacular
ones, nonetheless are important, and if left unmonitored and uncorrected, occasionally
manifest themselves in fatalities, serious injuries and/or very great difficulties
experienced by the ejectee, which under slightly different conditions could have
caused serious injuries. Some problems also manifest themselves in increased

01 direcia

UNCLASSIFIED
P .,oi... i .........

-10-
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UNCLASSIFIED Paqe 2 of 3

W.U. A5312B-04
AIRTASK A512-512C/184-4/1512-000-055S
maintenance efforts and costs and/or increased hazards to maintenance personnel.
Since there at present is no systematic review of in-service AAES data, there
is no valid method of identifying AAES in-service problems deserving management
attention short of awaiting death, serious injury or major complaints. Thus
NAVAIR is forced into a "squeaky wheel" reaction mode of operation versus the

Ut more desirable mode of allocating resources based on a continuous analysis of
the total AAES in-service experience.

d. Detailed Requirements/Cost Estimates. $90.0 K for FY-81 in support of

.* applicable projects listed on enclosure (1) Priority List, to be obligated
quarterly as follows: first quarter $30.0 K, second quarter $30.0 K, third

7quarter $30.0 K. Program element - 78012N ( 0 & MN).

Continue establishment of a system for the systematic review of such
sources of AAES in-service data as 3-M Systems, Unsatisfactory Reports, Medical
Officer Reports of Aircraft Accidents, and Naval Air Rework Facility data systems,
in a manner designed to identify and assess the significance of the many corionly
occuring in-service problems affecting AAES in-service reliability and maintain-

, ability. The system outputs shall be structured to provide data of assistance to
NAVAIR Headquarters in the management of the scarce AAES resources; e.g.,
problems experienced, frequency of occurrence, experience severity, potential

.. severity, and range of activities and/or AAES experiencing the problems. Once
established and documented the system(s) can be integrated into regular reporting
systems to assure regular, early notification to NAVAIR Headquarters concerning
in-service problems being experienced and should assist considerably in the
identification of causes and development of remedial actions. In addition, perform
specific analytical tasks of high priority as assigned.

1 e. Detailed Program Plan. Not applicable.

f. Field Activity Contact. Mr. G. Opresko, NAVWESA (ESA-31).

g. Headquarters Technical Support. None.

4. Schedule. See Enclosure (2).

* 5. Reports and Documentation.

a. Reports.

(1) Upon completion of each task, present data and findings in
letter-type reports to NAVAIR Headquarters (AIR-531).

(2) A semi-annual program review shall be held at NAVAIR in February
and August with NAVAIR publishing a rerort of findings in Varch and September.

UJNCLASSIF IED

W-I1-



UNCLASSIFIED Page 3 of 3

W.U. A5312B-04
AIRTASK A512-512C/184-4/1512-000-055

(3) NAVWESA shall report to the Commander, Naval Air Systems Command
(AIR-512C) the man years and associated cost, cost of materials, travel and cost
of contracts awarded by NAVWESA for this project. This report shall be submitted
1 May 1981 and 1 November 1981 for final status.

b. Requirements for Future Planning Information. Prepare and submit to
NAVAIRHQ (AIR-531) for approval, a letter-type project plan. The primary effort
shall be for establishment of baseline data to aid in subsequent identification of
trends and specific problems. Subsequent tasks shall be for extending previous
analytical techniques and data sources investigating efforts to identify specific
AAES in-service reliability and maintainability problems.

6. Contractual Authority. Contracts to perform all or portions of the Work Unit
are hereby authorized within the funding indicated by the Work Unit cost estimate.

7. Source and Disposition of Equipment. Not applicable.

8. Aircraft Requirements. None.

9. Status of Applicable Funds. Funds for this Work Unit will be provided separately.

10. Security Classification. All prescribed work under this Work Unit is unclassified.
In performing the prescribed work, access to information which is classified and/or
to areas containing classified equipment may be required. Any reference to such

"- classified material shall be in accordance with the applicable materials security
classification. Particularly, reference to information concerning survivability/
vulnerability shall be classified in accordance with OPNAVINST. C5513.2A, Encl. (63);
OPNAVINST. S5513.8, Encl. (7).

Copy to:
Addressee (3)
NAVMATDATASYSGRU, Morgantown, W.Va. 26505
NAVAIRDEVCEN (CSD),Warminster
NAVAIRTESTCEN (SY-70), PAXRIV
NAVORDSTA (Code 5123), Indian Head
NAVORDSTA (Code 515), Indian Head
NAVWPNCEN, China Lake (Code 64)
NAVSAFECEN, Norfolk
COMNAVAIRPAC, North Island
CGFMFLANT
CGFMFPAC
NAVPLANTREPO, Bethpage
NAVPLANTREPO, Dallas
NAVPLANTREPO, Burbank
NAVPLANTREPO, Long Beach
AFPRO, St. Louis
DCASMA (DCRA-GACB), Marietta

UNCLASS IF I ED

-12-
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JETISONED CANOPY EJECTIONS
1 JAN 69 -31 DEC 79

P OVERWATER OVERLAND

TYPE
EJECTION TOTAL FATAL RATE TOTAL FATAL RATE
SEAT EJECTEES (A/LU) EJECTEES (A/L,U)

ESCAPAC1 2 0/0 0% 5 0/0 0%
ESCAPAC 1A-1 34 3/1 11.8% 55 8/1 16.4%
ESCAPAC 1C-2 83 415 10.8% 74 9/1 13.5%
ESCAPAC 1C-3 34 1/4 14.7% 90 9/0 10.0%

SUBTOTAL 153 8/10 11.8% 224 26/2 12.5%

ESCAPAC 1E-1 0 - - 1 1/0 100%
ESCAPAC 1F-3 11 2/0 18.2% 8 1/0 12.5%
ESCAPAC 1G-2 1 0/0 0% 0 - -
ESCAPAC 1G-3 8 2/1 37.5% 35 0/0 0%

SUBTOTAL 20 4/1 25.0% 44 2/0 4.6%

MK A5 0 - - 1 0/0 0%
MK F5 5 0/2 40.0% 12 2/0 16.7%
MK GRU5 4 0/0 0% 8 010 0%
MKGRUEA5 0 - - 4 0/0 0%
MKH5 4 0/1 25.0% 10 0/0 0%
MKZ5 0 - - 1 0/0 0%

SUBTOTAL 13 0/3 23.1% 36 2/0 5.6%

MKA7 0 - - 1 0/0 0%
MK F7 44 0/2 4.5% 43 3/0 7.0%
MK GRU7A 46 2/2 8.7% 21 7/0 33.3%
MKIH7 218 6/22 12.8% 130 23/1 18.5%

SUBTOTAL 308 8126 11.0% 195 33/1 17.4%

LS-1/LS-lA 10 0/1 10.0% 45 9/0 20.0%
HS-1 11 0/3 27.3% 14 2/0 14.3%
HS-1A 9 2/0 22.2% 0 - -
NAMC II (T-33B) 0 - - 1 0/0 0%
F-5E 0 - - 1 0/0 0%

SUBTOTAL 30 2/4 20.0% 61 11/0 18.0%

TOTALS 524 22/44 12.6% 560 74/3 13.8%

OVERALL 1084 96/47 13.2%
TOTALS
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JETTISONED CANOPY EJECTIONS
1 JAN 69 -31 DEC 79

TYEOVERWATER 
OVERLAND

.. EJECTION TOTAL MAJOR RATE TOTAL MAJOR RATE
SEAT EJECTEES INJURIES EJECTEES INJURIES

ESCAPAC1 2 0 0% 5 0 0%
ESCAPAC 1A-1 34 5 14.7% 55 7 12.7%
ESCAPAC 1C-2 83 6 7.2% 74 14 18.9%

ECPC1C-3 34 38.8% 9016 17.8%
SUBTOTAL 153 14 9.2% 224 37 16.5%

ESCAPAC 1E-1 0 - - 1* -
ESCAPAC 1F-3 11 2 18.2% 8 2 25.0%
ESCAPAC 1G-2 1 0 0% 0 -

ESCAPAC 1G-3 8 0 0% 35 9 25.7%
SUBTOTAL 20 2 10.0% 44l 11 250

*MKA5 0 - - 1 0 0%
MK F5 5 0 0% 12 1 8.3%
MKGRU5 4 0 0% 8 3 37.5%
MK GRUEA5 0 - - 4 2 50.0%
MKH5 4 0 0% 10 4 40.0%
MKZ5 0 - - 1 0 0%

SUBTOTAL 13 0 0% 36 10 278

MK A7 0 -- 1 0 0%
MK F7 44 2 4.5% 43 3 7.0%
MK GRU7A 46 4 8.7% 21 5 23.8%
MK H7 218 13 6.0% 130 19 14.6%

SUBTOTAL 308 19 6.2% 195 27 13.8%

LS-1ILS-1A 10 2 20.0% 45 8 17.8%
HS-1 11 0 0% 14 4 28.6%
HS-1A 9 2 22.2% 0 -

NAMCI11(T-33B) 0 - - 1 0 0%
F-SE 0 - - 1 0 0%

SUBTOTAL 30 4 13.3% 61 12 19.7%

TOTALS 524 39 7.4% 560 97 17.3%

OVERALL 1084 136 12.5%
TOTALS

100% FATAL
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JETISONED CANOPY EJECTIONS
1 JAN 69 - 31 DEC 79

gOVERWATER OVERLAND

TYPE
EJECTION TOTAL MINOR RATE TOTAL MINOR RATE
SEAT EJECTEES INJURIES EJECTEES INJURIES

ESCAPAC 1 2 2 100% 5 2 40.0%
ESCAPAC 1A-1 34 12 35.3% 55 14 25.5%
ESCAPAC 1C-2 83 13 15.7% 74 19 25.7%/
ESCAPAC 1C-3 34 12 35.3% 90 16 17.8%

SUBTOTAL 153 39 25.5% 224 51 22.8%

ESCAPAC E-1 0 - - 1* - -ESCAPAC 1F-3 11 3 27.3% 8 1 12.5%
ESCAPAC 1G-2 1 1 100% 0 - -

ESCAPAC 1G-3 8 1 12.5% 35 6 17.1%
SUBTOTAL 20 5 25% 44 7 15.9%

MKA5 0 - - 1 1 100%
MK F5 5 0 0% 12 5 41.7%
MVK GR..,o 4 2 50.0% 8 1 12.5%
MKGRUEA5 0 - - 4 1 25.0%
MKH5 4 2 50.0% 10 3 30.0%
MVK Z5 0 - - 1 0 0%

SUBTOTAL 13 4 30.8% 36 11 30.6%

MVK A7 0 - - 1 1 100%
MK F7 44 5 11.4% 43 11 25.6%
MVK GRU7A 46 9 19.6% 21 3 14.3%
MKH7 218 49 22.5% 130 27 20.8%

SUBTOTAL 308 63 20.5% 195 42 21.5%

LS-1/LS-1A 10 0 0% 45 7 15.6%
HS-1 11 4 36.4% 14 6 42.9%
HS-1IA 9 3 33.3% 0 - -

NAMVC II(T-33B) 0 -- 1 1 100%
F-SE 0 - - 1 0 0%

SUBTOTAL 30 7 23.3% 61 14 23.0%

TOTALS 524 118 22.5% 560 115 20.5%

OVERALL 1084 233 21.5%
TOTALS

*100% FATAL
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JETlISONED CANOPY EJECTIONS
1 JAN 69- 31 DEC 79

OVERWATER OVERLAND

TYPE

SEAT EJECTEES AlL,U B F G EJECTEES AIL,U B F G

ESCAPAC1 2 0 0 100 - 5 0 0 40.0 60.0
ESCAPAC 1A-1 34 11.8 14.7 35.3 38.2 55 16.4 12.7 25.5 45.4
ESCAPAC 1C-2 83 10.8 7.2 15.7 66.3 74 13.5 18.9 25.7 41.9
ESCAPAC 1C-3 34 14.7 8.8 35.3 41.2 90 10.0 17.8 17.8 54.4

SUBTOTAL 153 11.8 9.2 25.5 53.5 224 12.1 16.5 22.8 48.6

ESCAPAC 1E-1 0 .- - 1 100 - - -
ESCAPAC 1F-3 11 18.2 18.2 27.3 36.3 8 12.5 25.0 12.5 25.0
ESCAPAC 1G-2 1 0 0 100 - 0 - - - -

ESCAPAC 1G-3 8 37.5 0 12.5 50.0 35 0 25.7 17.1 51.2
SUBTOTAL 20 25.0 10.0 25.0 40.0 44 4.6 25.0 15.9 54.5

MK A5 0 - -- - 1 0 0 100 -
MK F5 5 40.0 0 0 60.0 12 16.7 8.3 41.7 33.3
MK GRU5 4 0 0 50.0 50.0 8 0 37.5 12.5 50.0
MKGRUEA5 0 - - - - 4 0 50.0 25.0 25.0
MKH5 4 25.0 0 50.0 25.0 10 0 40.0 30.0 30.0
MK Z5 0 - -- - 1 0 0 0 100

SUBTOTAL 13 23.1 0 30.8 46.1 36 5.6 27.8 30.6 36.0

MKA7 0 - - 1 0 0 100 -

MKF7 44 4.5 4.5 11.4 79.6 43 7.0 7.0 25.6 60.4
MK GRU7A 46 8.7 8.7 19.6 63.0 21 33.3 23.8 14.3 28.6
MK H7 218 12.8 6.0 22.5 58.7 130 18.5 14.6 20.8 46.1

SUBTOTAL 308 11.0 6.2 20.5 62.3 195 17.4 13.8 21.5 47.3
LS-1/LS-IA 10 10.0 20.0 0 70.0 45 20.0 17.8 15.6 48.6

HS-1 11 27.3 0 36.4 66.3 14 14.3 28.6 42.9 14.2

HS-1A 9 22.2 22.2 33.3 22.3 0 - - - -

NAMC II (T-33B) 0 - - - - 1 0 0 100 -
F-SE 0 - -- - 1 0 0 0 100

SUBTOTAL 30 20.0 13.3 23.3 43.4 61 18.0 19.7 23.0 39.3

TOTALS 524 12.6 7.4 22.5 57.5 560 13.6 17.3 20.5 48.6

OVERALL 1084 13.1 ,2.5% 21.5 52.9
TOTALS
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THROUGH-THE-CANOPY EJECTIONS
S-,

1 JAN 69 - 31 DEC 79

OVERWATER OVERLAND

TYPE
EJECTION TOTAL FATAL RATE TOTAL FATAL RATE
SEAT EJECTEES (A/L,U) EJECTEES (A/L,U)

ESCAPAC 1C-2 1 010 0% 0 - -
ESCAPAC 1E-1 2 0/2 100% 5 2/0 40.0%
ESCAPAC 1G-2 23 413 30.4% 17 310 17.6%

" SUBTOTAL 26 4/6 34.6% 22 5/0 22.7%

MK A5 2 0/1 50.0% 16 410 25.0%
MK GRU5 43 5/3 18.6% 29 711 27.6%
MK GRUEA5 0 - 1 0/0 0%
MK L5 0 - 6 2/0 33.3%
MKZ5 0 -_- 6 010 0%

SUBTOTAL 45 5/4 20.0% 58 13/1 24.1%

MK A7 1 0/0 0% 6 0/0 0%
MK F7 0 - - 1 0/0 0%
MK GRU7 18 1/5 33.3% 20 6/0 30.0%
MK GRUEA7 14 0/2 14.3% 3 0/0 0%

SUBTOTAL 33 1/7 24.2% 30 6/0 20.0%

LS-1ILS-1A 0 - - 2 1/0 50.0%
LW-3B 5 1/0 20.0% 16 5/0 31.3%

SUBTOTAL 5 1/0 20.0% 18 6/0 33.3%

TOTALS 109 11/16 24.8% 128 30/1 24.2%

OVERALL 237 41/17 24.5%
'-" TOTALS
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THROUGH-THE-CANOPY EJECTIONS
1 JAN 69- 31 DEC 79

OVERWATER OVERLAND

TYPE
EJECTION TOTAL MAJOR RATE TOTAL MAJOR RATE
SEAT EJECTEES INJURIES EJECTEES INJURIES

ESCAPAC 1C-2 1 1 100% 0 -

ESCAPAC IE-1 2 0 0% 5 0 0%
ESCAPAC 1G-2 23 2 8.7% 17 5 29.4%

SUBTOTAL 26 3 11.5% 22 5 22.7%

MK A5 2 1 50.0% 16 7 43.8%
MK GRU5 43 7 16.3% 29 10 34.5%
MK GRUEA5 0 - - 1 1 100%
MK L5 0 - - 6 2 33.3%
MK Z5 0 - - 6 1 16.7%

SUBTOTAL 45 8 17.8% 58 21 36.2%

MK A7 1 1 100% 6 4 66.7%
MKF7 0 - - 1 1 luo%
lMK GRU7 18 2 11.1% 20 5 25.0%
MKGRUEA7 14 3 21.4% 3 0 0%

SUBTOTAL 33 6 18.2% 30 10 33.3%

LS-1/LS-1A 0 - - 2 1 50.0%
LW-3B 5 2 40.0% 16 2 12.5%1

SUBTOTAL 5 2 40.0% 18 3 167%

TOTALS 109 19 17.4% 128 39 30.5%

OVERALL 237 51 21.5%
TOTALS __

[
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THROUGH-THE-CANOPY EJECTIONS
SC 1 JAN 69 -31 DEC 79

OVERWATER OVERLAND

TYPE
EJECTION TOTAL MINOR RATE TOTAL MINOR RATE

• - SEAT EJECTEES INJURIES EJECTEES INJURIES

ESCAPAC 1C-2 1 0 0% 0 - -

ESCAPAC 1E-1 2 0 0% 5 0 0%
ESCAPAC 1G-2 23 5 21.7% 17 2 11.8%

SUBTOTAL 26 5 19.2% 22 2 9.1%

MK A5 2 0 0% 16 2 12.5%
MK GRU5 43 20 46.5% 29 8 27.6%
MK GRUEA5 0 - - 1 0 0%
MK L5 0 - - 6 1 16.7%
MKZ5 0 - - 6 0 0%

SUBTOTAL 45 20 44.4% 58 11 19.0%

MK A7 1 0 0% 6 0 0%
MKF7 0 - - 1 0 0%
MK GRU7 18 6 33.3% 20 4 20.0%
MK GRUEA7 14 7 50.0% 3 0 0%

SUBTOTAL 33 13 39.4% 30 4 13.3%

LS-1/LS-lA 0 - - 2 0 0%
LW-3B 5 0 0% 16 9 56.3%

SUBTOTAL 5 0 0% 18 9 50.0%

TOTALS 109 38 34.9% 128 26 20.3%

OVERALL 237 64 27.0%
" " TOTALS
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THROUGH-THE-CANOPY EJECTIONS
1 JAN 69 - 31 DEC 79

OVERWATER OVERLAND

TYPE
EJECTION TOTAL RATE % TOTAL RATES (%)
SEAT EJECTEES AJL,U B F G EJECTEES AILU B F G

ESCAPAC 1C-2 1 0 100 - - 0 - -

ESCAPAC 1E-1 2 100 - - - 5 40.0 0 0 60.0
ESCAPAC 1G-2 23 30.4 8.7 21.7 39.2 17 17.6 29.4 11.8 41.2

SUBTOTAL 26 34.6 11.5 19.2 34.7 22 22.7 22.7 9.1 45.5

MK A5 2 50.0 50.0 - - 16 25.0 43.8 12.5 18.7
MK GRU5 43 18.6 16.3 46.5 18.6 29 27.6 34.5 27.6 10.3
MK GRUEA5 0 - -- - 1 0 100 - -

MK L5 0 .. . . 6 33.3 33.3 16.7 16.7
MK Z5 0 .. . .6 0 16.7 0 83.3

SUBTOTAL 45 20.0 17.8 44.4 17.8 58 24.1 24.1 19.0 32.8

MKA7 1 0 100 - - 6 0 66.7 0 33.3
MK F7 0 - -- - 1 0 100 - -

MK GRU7 18 33.3 11.1 33.3 22.3 20 30.0 25.0 20.0 25.0
MK GRUEA7 14 14.3 21.4 50.0 14.3 3 0 0 0 100

SUBTOTAL 33 24.2 18.2 39.4 18.2 30 20.0 33.3 13.3 46.7

LS-1ILS-1A 0 - -- - 2 50.0 50.0 - -

LW-3B 5 20.0 40.0 0 40.0 16 31.3 12.5 56.3 -
SUBTOTAL 5 20.0 40.0 0 40.0 18 33.3 16.7 50.0 -

TOTALS 109 24.8 17.4 34.9 22.9 128 24.2 25.0 20.3 30.5

p, OVERALL 237 24.5 21.5 27.0 27.0
TOTALS
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CANOPY FRAGMENTATION (TOTAL)
EJECTIONS

1 JAN 1969 -31 DEC 1979

OVERWATER OVERLAND

EJECTION SEAT TOTAL FATAL TOTAL FATAL
EJECTEES (A/L,U) EJECTEES (A/L,U)

TYPE 9 1 0/0 7 1/0

S111S-3AV8 2 0/0 5 0/0

3 0/0 12 1/0

15 1/0 (6.7%)

OVERWATER OVERLANDr1

EJECTION TOTAL MAJ (RATE) TOTAL MAJ (RATE)
SEAT EJECTEES INJ EJECTEES INJ

TYPE 9 1 0 (0%) 7 3 (42.9%)

S111S-3AV8 2 0 (0%) 5 1 (20%)

3 0 (0%) 12 4 (25%)

15 4 (26.7%)

MINOR MINOR

INJ INJ

TYPE 9 1 1 (100%) 7 1 (14.3%)

S111S-3AV8 2 0 (0%) 5 1 (20%)

3 1 (33.3%) 12 2 (16.7%)

15 3 (20%)
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CANOPY CUTTING (PARTIAL)
EJECTIONS

1 JAN 1969 - 31 DEC 1979

OVERWATER OVERLAND

EJECTION SEAT TOTAL FATAL TOTAL FATAL
EJECTEES (A/L,U) EJECTEES (A/LU)

ESCAPAC 1G-4 1 0/0 0 0/0

1 0/0 (0.0%)

NO MAJOR INJURIES

NO MINOR INJURIES
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APPENDIX D
SEATS INCLUDED BY

A. NAVY STANDARD WITH
NAMC TYPE 11 CATAPULT

1. F4D3-1
2. FJ-3, -3D, -3M, -4, -4B3
3. F3H-2, -2M,-2N

kip4. F9F-5 -6, -8, -8B, -8P, -8T
5. F11F-1
6. F2H -4
7. A413-1

(F8U EXCLUDED)

B. MARTIN-BAKER MK 5 SERIES

1. F9F-8T MK A5
2. F8U SERIES MK F5
3. F4H MK H5
4. F3H-2 MK M5
5. FJ-4B3 MK N5
6. F4D-1 MK P5
7. F11F-1 MK X5
8. F9F-8B MK Z5
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DISTRIBUTION OF ALL EJECTION -ASSOCIATED
VERTEBRAL FRACTURES
U.S. NAVY MARTIN-BAKER SEAT USAGE

Cl 1
C2 0 1
C3
04
C5
C6
C7
Ti
T2 DATA COVERS PERIOD

W LJ 9/l/58-3/31/63
' 3 SURVIVORS ONLY

ST4 1

> T7 1

T 8 ..... .....
T9

T10
Tll
T12 l

L2 DATA ABSTRACTED FROM

L ~EJECTEES' MEDICAL RECORDS]

L4
L5

0 5 10
j FRACTURE FREQUENCY
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DISTRIBUTION OF VERTEBRAL FRACTURES
ASSOCIATED WITH

THROUGH- THE- CANOPY EJECTIONS

U.S. NAVY MARTIN-BAKER SEAT USAGE

C2
C3
C4
C5
C6
C7
Ti

T2 DATA COVERS PERIOD
9/1/58-3/31/63

T3 SURVIVORS ONLYi T4
W T5

> T7 1

T8 10

T9 10

T10 7

Tll
I'"T12 10

L1 5

L2 DATA ABSTRACTED FROM
EJECTEES' MEDICAL RECORDS

L4
.. L5

0 5 10
FRACTURE FREQUENCY
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CUMULATIVE DISTRIBUTION OF
PERCENTAGE EJECTEES UNINJURED

VS AIRSPEED RANGE
JAN 1969 THROUGH JUL 1974

90 _____

80 _____

70

LLJ

0

3 4 ____ NES-16) (A-4)

SPEED RANGES
* -~ 30

DI 0-99KTS
D 11 100-199KTS

u 20 111 200-299KTS
IV 300-399KTS

_______ _______ ______V 400-499KTS
10 VI 500-599KTS

I I III IV~. V vi
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TYPE NECK INJURY VS TYPE INERTIA REEL
BY TYPE ESCAPAC SEAT A-4/A-7

JAN 1969 THROUGH JUL 1974

.

50 ......... *A-7 W/O PIR

":-.- !ii!ii!i~ii~iiii~i~ iii~iii~i~;! ! !~i....... CO M POSITE W /O PI R

................... A -4 W /O P I R

40 ...... . ..... .. ---- A-4 W/ PI R

Z 30

-.,,

.. c c. ..... ......iiiii iiiiiiIui

-..- . ......~~~~~~~~~~~~~~............... ...iii!i!iliiiiil!iiiiiiiiiiiii)

= ...........

A B C D

CATEGORY OF INJURIES

A. ALL NECK & VERTEBRAL C. VERTEBRAL

B. ALL NECK LESS TRANSECTIONS D. NECK SPRAIN/STRAIN
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CONTINGENCY ANALYSIS OF
A-4 ESCAPE DATA

IN AN INDEPENDENT REVIEW OF THE A-4 EJECTION DATA,
THE SYSTEMS ANALYSIS DEPARTMENT, NAVAL WEAPONS
ENGINEERING SUPPORT ACTIVITY, WASHINGTON, D. C.,
SUBJECTED THE DATA TO A 2 X 2 CONTINGENCY TEST.

AS REPORTED IN THE FOLLOWING PAGES, THIS ANALYSIS
FOUND THE FOLLOWING:

* NO INFERENCE CAN BE DRAWN FROM A-4 EJECTION
DATA ALONE CONCERNING THE ROLE OF SPREADER
GUN OR BALLISTIC POWERED INERTIA REEL IN THE
PRODUCTION OR PREVENTION OF NECK INJURIES.

* THE A-7 EJECTION DATA APPEARS TO BE FROM THE
SAME POPULATION AS THE EJECTION DATA FOR
A-4 WITH THE SPREADER GUN BUT WITHOUT THE
POWERED INERTIA REEL.

0 THE CONTINGENCY TEST INDICATES THAT THE
SPREADER GUN HAS NO EFFECT UPON NECK IN-
JURIES.

".p

* THE A-7 EJECTION DATA APPEARS NOT TO BE FROM
THE SAME POPULATION AS THE EJECTION DATA FOR
A-4 WITHOUT THE SPREADER GUN BUT WITH THE
POWERED INERTIA REEL.

e THE CONTINGENCY TEST INDICATES THAT THE
POWERED INERTIA REEL HAS AN EFFECT UPON
NECK INJURIES.

5. o THE SPREADER GUN IS NOT CAUSING NECK INJURIES.

0 THE POWERED INTERTIA REEL AIDS IN PREVENTING
NECK INJURIES.
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GENERALIZED CONCEPTUALIZATION OF MAN-SEAT
INTERACTIONS AND EXTERNAL FORCES

OPERATING ON COMBINATION

*- BOOST PHASE

PROPULSION

CANOPY PENETRATION PHASE
FSEAT

CANOPY
PENETRATION

F PROPULSION

F F SEAT
EJECTEE CANOPY
CANOPY SEAT PENETRATION

PENETRATION
(HEAD) PROPULSION

FEJECTEE

CANOPY
PENETRATION

(HEAD) PROPULSION

FSEAT
FEJECTEE SIDE

CANOPY CANOPY
PENETRATION
(KNEE/THIGH) PROPULSION

UNGUIDED POWERED FLIGHT PHASE

Fq

Fq
F PROPULSION
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THE VERTEBRAE
SHOWING NORMAL CURVATURE
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INTERVERTEBRAL 4
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THE VERTEBRAE
SHOWING NORMAL CURVATURE

2

3

4

5

6

7
FACES OF
ADJACENT T1

VERTEBRAE 2

NEARLY 3
PARALLEL 4

OPTIMIZING
4LOAD TRANSFER

CAPABILITY 6

ACROSS 7

INTERVERTEBRAL
DISCS AND 8

ELIMINATING
POTENTIAL FOR 10
LOCALIZED HIGH

STRESS CONCENTRATIONS

212 12

L .-

• SACRUM

~COCCYX
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CERVICAL
VERTEBRAE (7

VERTEBRAE (12)-

o LUMBAR
VERTEBRAE (5)

FEMUR
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EFFECTS OF FEMUR LEVERAGING PELVIS

PELVIC
W-v ROTATION

-2 14-



EFFECTS OF FEMUR LEVERAGING PELV!S

ANTERIOR POSTERIOR
LIPS OF LIPS OF

VERTEBRAE VERTEBRAE
PINCHED SEPARATED

TOGETHER REDUCING
CREATING LOAD TRANSFER
POTENTIAL CAPABILITY

FOR LOCALIZED ACROSS
HIGH STRESS INTERVERTEBRAL

CONCENTRATIONS DISCS

PELVIC
ROTATION
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NUMBERS OF COMPRESSIONS
* FRACTURES REPORTED

COMPARISON OF COMPRESSION FRACTURE FREQUENCY
AMONG VERTEBRAE FOR JETTISONED-CANOPY AND
THROUGH-THE-CANOPY USN EJECTEES FOR PERIOD

1/1/69 THROUGH 12/1/79

C-2
JETTISONED - CANOPY THROUGH - THE - CANOPY

EJECTEE C-3 EJECTEE

-C-5--

-- C-6--

C-7

7-T-1

-- T-2

-- T-3

T-4--

T-7
T-8

T-9

-T-10-

-- r-11-

--- T -12-

S--L-2 -2
L -3

L -4

L -5

S1 1- I I I I I 1
9 8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 9
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CATAPULT PRESSURE - PSI
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DROWNINGS AND LOST[WATER) AMONG OVERWATER,
WITHIN ENVELOPE TYPE 1 AND 5 EJECTEES

[ACCOMPLISHED CLEAR OF AIRCRAFT
AND INADVERTENT EJECTIONS)

1 JANUARY 1969 THROUGH 31 DECEMBER 1979

WITHIN ENVELOPE, OVERWATER EJECTION DATA

COMBINED LOST COMBINED RATE
SEAT TYPE TOTAL EJECTIONS (WATER) AND LOSTM(ATER)

aDROWNING AND DROWNING

TYPE H-9 1 0 0%

MK A5 1 0 0%
MK F5 4 1 25.0%
MK GRUS1 39 1 2.6%
MK H5 4 1 25.0%

MK5 SERIES 48 3 6.3%

MK A7 1 0 0%
MK F7 41 0 0%
MK GRUEA 7 13 1 7.7%
MK GRU 7 15 3 20.0%5MKGRU17A 44 2 4.5%
MKH7 204 13 6.4%

MK7 SERIES 318 19 6.0%

ESCAPAC I 2 0 0%
ESCAPAC IA-1 30 1 3.3%
ESCAPAC IC-2 78 4 5.1%
ESCAPAC IC.3 32 3 9.4%

ESCAPACI I IA-1, 142 8 5.6%
IC-2. IC-3

* .ESCAPAC IF.3 11 1 9.1%/1
ESCAPAC IG.2 22 4 18.2%/
ESCAPAC IG-3 6 1 16.7%/,

ESCAPAC IF-3. 96 54
IG.2, IG.3

LS-I/LS.IA 9 0 0%y
HS-1 8 0 0%y
HS-IA 8 0 0%/
LW-3B3 4 1 25.0%X
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DROWNINGS AMONG TYPE 1 AND 5 OVERWATER EJECTEES
(ACCOMPLISHED CLEAR OF AIRCRAFT

AND INADVERTENT EJECTIONS)
1 JANUARY 1969 THROUGH 31 DECEMBER 1979

IN ENVELOPE OUT OF ENVELOPE

MK GRU5 0 2
MK H7 3 0
MK GRU7 1 0
MK GRU7A 1 1

LW-3B 1 0

ESCAPAC 1C-2 2 1
ESCAPAC 1C-3 1 0
ESCAPAC 1 F-3 1 0

-'ESCAPAC 1G-2 3 0
ESCAPAC 1G-3 0 1
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_17 W-Z !.

DISTRIBUTION OF TYPE 1 AND 5 EJECTI

EJ

(ACCOMPLISHED CLEAR OF

1 JANUARY

WITHIN ENVELOPE

TOTAL TOTAL TOTAL

TYPE EJECTIONS DROWNINGS LOST-WATER OVERWATER DROWNINGS DROWNINGS LOST-WATER

FjECTION SEAT EJECTIONS %

TYPE H- 8 1 0% 0

*. MK A5 19 1 1 0% 0

MK F5 17 2 4 0% 1

MK GRUEAS 5 0 0

MKGRUS 84 2 3 39 0 0% 1

MK H5 14 1 4 0% 1

MKLS 6 0

MK ZS 7 0

MKA7 8 1 0% 0

MK F7 88 2 41 0% 0

MK GRUEA7 17 2 13 0% 1

MK- GRu 38 1 5 15 1 6.7% 2

M" GRU7A 67 2 2 44 1 23% 1

MKH7 348 3 22 204 3 1.5% 10

ESCAPAC I 7 2 0% 0

ESCAPAC IA-I 89 1 30 0% 1

ESCAPAC IC2 158 3 5 78 2 2.6% 2

ESCAPAC IC 3 124 1 4 32 1 3.1% 2

ESCAPAC IEI a 2 2 0

ESCAPAC IF-3 19 1 11 1 9.1% 0

ESCAPAC IG 2 41 3 3 22 3 13.6% 1

ESCAPAC IG3 43 1 1 6 0 0% 1

LS4/LS 4A 57 1 9 0% 0

HS- 25 3 8 0% 0

HS4A 9 8 0% 0

LW 3 21 1 4 I 25.0% 0

SIIIS 3AV8 7 2 0% 0

NAMC l CATAPULT 1

F-SE 1 0

ESCAPAC IG4 1 0

N

%

%



' OF TYPE 1 AND 5 EJECTIONS, DROWNINGS AND LOST WATER BY SEAT TYPE AND
EJECTION ENVELOPE,

" k \CCOMPLISHED CLEAR OF AIRCRAFT AND INADVERTENT EJECTIONS)

1 JANUARY 1969 - 31 DECEMBER 1979

" "-.N ENVELOPE OUT OF ENVELOPE
ROANiNGS LOST-WATER OVERWATER DROWNINGS LOSTWATER OVERWATER

LOST.WATES DROWNINGS LOST-WATERi

-oT% EJECTIONS % % EJECTIONS

0 2 0% 0 0 0

0 0% 1 100% 0

1 25% 1 1 100% 0

0 0 0 0

1 2.6% 2 28.6% 2 21

0. 1 25% 0 0 0

0 0 0

0 0 0

-- 0 0% 0 0 0

% 0 0% 2 2 100% 1

0% I 77% 1 1 100% 0

2 133% 3 0 3 100% 0

2 3N 2 3% 2 1 50% 1 50% 0

!5% 10 49% 8 0 6 75% 6

0% 0 0% 0 0 0

0%1 33% 4 0% 0 00

2 6% 2 26% 5 1 20% 3 60% 1

31- 2 63% 2 0 2 100% 0

-f0 0% 0 2 100% 0

S - 9 1% 0 0% 0 0 0 0 0

1 136% 1 4.5% 1 0 0 1 100% 1
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160- 1 JANUARY 1969
THROUGH

31 DECEMBER 1979

1(121)
140 -- ALL I

OTHER
CAUSES",U

120

- LOST 40.1%
" u. 31.1%

UALL
LU -100OTEUJ CAUSES

uJ• 59 .9%

81
80 -DROWNING

(18)

63
60

40
(63)

LOST

20--

-243-

,5 =. S.~.



2c 2

~L&J

- Coo) C.-_ _ - _

= . Ij.

I- I

lo >

C.)c

-244



CM,

-Coe-

- m=~

0 a:

C-, L a

- L Co)0

Lz a
L~j = 

4

L1..
Coe Lai

__LL:

EW .g LU

m
~ II~bLU
cmJ~,_ _

j_ _ _ _ __ __ __ __I_____I_

_ 0C.. LUm

-D =1-C

C= 2-

ci Laj

INCI

-VL co =

-245



coG

CC~

0. 00

co

U-

6;0 coo

-2-6



L LmuJ C4 D E
o 0 0

(Doa

N

CL i

'- LO L c

00wU

LJL'7
CD L5

7-U

-24 7

- L . ..



d 0

U) LAJ D f %

o 0

CD'

CL'

LU _ _ _ _

0
w AY

p...

Us CO

U -248-



0

(ui IU

* 0 0

LU
-,L

LUr

LI-

CD)

* Wo~ I

-29



c0 c

(.0I NLn D

CD D. De
-0 0

I- c-

Wz
CV)

CL L00

n x

C m,

w 0C

w~~~L **LL**,

LLJ~ co



*1~

.~.'

..~ -- p

-A- -

p

A ,~ .~

~

q

p.-
--

~. .*- *.J.

p. *.*~* *~

p

~

.p% -.


